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Anaerobic digester (AD) technology captures greenhouse gas 

from animal waste  and uses it for green energy .  Historically, 

investment costs have been prohibitive for large-scale digesters, 

but new, complementary  technologies have the potential to 

make an anaerobic digester system a profitable investment by 

generating profits from additional fertilizer and soil amendment 

products while  also mitigating nutrient pollution. 

      Animal feeding operations can produce large amounts of air 

pollution in the form of  odor and greenhouse gasses and water 

pollution in the form of nutrient runoff.  The EPA (2014) 

estimates that 9.3% of total US methane emissions are due 

manure management and that the 68% increase in methane 

emissions from 1990 – 2012 was due in large part the increased 

use of liquid manure management systems. The EPA (2014b) 

also reports that nutrients are the second and third largest causes 

of impairment of bodies of water and waterways, respectively, 

and that agriculture is the third and first largest source of 

impairment of bodies of water and waterways, respectively. 

      The emerging technologies discussed here have the potential 

to mitigate many of the serious pollution concerns surrounding 

large-scale animal production operations while providing the 

economic incentives for producers to adopt them.  

Methodology 

SD capital costs, revenues, and operating costs were provided 

by  University of Idaho Dairy Enterprise Budgets.  Capital 

costs, revenues, and operating costs for AD,  CD, B, CHP, CNG 

were provided by Andgar Corp. DVO Inc.  provided FS and NS 

capital costs, revenues, and operating costs.  WR capital costs, 

revenues, and operating costs were approximated using existing 

literature and preliminary research lab experience at WSU. EC 

costs and revenues were provided by  The Climate Trust. 
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Results Discussion 

Investment in AD systems that utilize compressed natural gas 

are likely to lead to returns significantly higher that systems that 

utilize combined heat and power or a boiler. Nutrient separation 

and water separation technologies are not as significantly 

positive. 

     Environmental credits provide small to medium increases in 

investment value, and if environmental markets continue to 

develop in the future, these gains will become even more 

prominent.  

Conclusions 
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The value of investment is calculated using net present value 

(NPV) which aggregates the discounted stream of costs and 

returns over the lifetime of the investment. 

 

 

 

     We account for complementarities between technological 

components by calculating  net revenues for each component 

subject to a methane (M) constraint, heat (H) constraint, and a 

nutrient (N) constraint. 
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Introduction 

Technology Combination 20 Year NPV 

Standard Dairy (SD) , 1,600 WCE $7,427,123  

SD, AD, CHP $16,284,644  

SD, AD, CNG $69,221,686  

SD, AD, B $6,029,226  

SD, AD, CD, CHP $13,572,325  

SD, AD, CD, CNG $41,722,897  

SD, AD, CD, B $3,887,656  

SD, AD, CHP, EC $13,694,429  

SD, AD, CNG, EC $73,218,204  

SD, AD, B, EC $5,962,715  

SD, AD, CD, CHP, EC $13,505,814  

SD, AD, CD, CNG, EC $47,450,354  

SD, AD, CD, B, EC $3,810,881  

SD, F, AD, CHP, EC $13,951,173  

SD, F, NS, AD, CHP, EC $13,236,829  

SD, F, NS, AD, CD, CHP, EC $12,701,581  

SD, F, NS, WR, AD, CD, CHP, EC $13,405,997  

Combined Heat & Power (CHP): The most 

common use of AD methane, it produces electricity 

using a combustion engine and generator while 

capturing waste heat from the engine. Selling 

electricity back to the grid, however, can yield low 

revenues due to high, grid-interconnect fees and low 

prices per kWh of electricity.  

 Compressed Natural Gas (CNG): Becoming a 

more common use of AD methane, it scrubs the AD 

methane of moisture and compresses it to be sold 

into a natural gas pipeline or natural gas vehicles. 

Interconnect fees can also be high, however, prices 

appear to be becoming more favorable than 

electrical prices.  

Environmental Credits (EC): All uses of captured 

methane are eligible for Carbon Credits. Combined 

Heat & Power is eligible for tax credits and 

Renewable Energy Credits in some states, while 

Compressed Natural Gas is eligible for national 

Renewable Identification Number Credits and 

Californian Low Carbon Fuel Standard Credits. 

Prices for environmental credits have been highly 

volatile over their short history, but many industry 

experts expect them to stabilize and develop in the 

future.  
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Anaerobic Digester (AD): an enclosed vessel that captures 

methane created by anaerobic bacteria that would otherwise be 

released into the  atmosphere as greenhouse gas (GHG). The 

methane can then be used as fuel.  

Codigestion (CD): incorporating other organic substrates such 

as food waste into the manure fed into the AD. Codigestion 

yields large gains in methane production, but it can lead to 

excess nutrients on the dairy if nutrient recovery technology is 

not used. 

Fiber Separation (FS): separates the liquid and nutrient-

concentrated portion from the solid, fiber portion of the waste. 

The fiber can be sold or used as dairy bedding. 

Nutrient Recovery (NR): using the liquid separated from the 

fiber, chemical and mechanical processes produce concentrated 

forms of Nitrogen and Phosphorus. These can be sold as 

fertilizer. 

Water Recovery (WR): using the liquid remaining after the 

nutrient recovery process, filters and membranes remove most 

of the remaining nutrients leaving water that can be used to 

dilute manure put into the AD or flush milking parlor floors.  

Boiler (B): The simplest way to use AD methane, it burns the 

methane to generate steam that is used as a heat source on the 

dairy. 

Components of an AD System  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Across the board, compressed natural gas scenarios have higher 

value than combined heat and power and boiler scenarios, while 

combined heat and power exceeds all boiler scenarios. Results 

of codigestion are mixed as are results of environmental credits. 

Fiber separation and nutrient separation do not provide positive 

value, while water recovery does provide positive value. 

      All boiler scenarios resulted in NPVs less than the standard 

dairy baseline, while all combined heat and power scenarios 

hovered around double baseline value. 

Results 
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